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Patient-generated health data (PGHD) collected by fitness apps or fitness trackers 
(such as Fitbit) have largely been marketed as a way for consumers (patients) to keep 
track of their own health patterns. This contrasts with the clinical data collected in 
Electronic Health Record (EHR) systems, which is entered by providers (or other 
healthcare personnel) and is the standard way for hospitals and other healthcare facilities 
to organize and keep track of their patients’ health records, as well as to coordinate 
continuity of care between healthcare facilities. There has been plenty of interest in using 
the EHR data for research, as well as interest in using PGHD for research, but most of 
this research focuses on either EHR data or PGHD alone. EHR data and PGHD are 
usually viewed as two distinct sources of patient data. However, there are potential 
benefits to incorporating an individual’s PGHD in the context of clinical care, as a 
supplement to their EHR data. These include potential time savings during appointments 
(Kumar, Goren, Stark, Wall, & Longhurst, 2016), and a better understanding of the 
patient’s health between appointments, as healthcare personnel might be able to view the 
PGHD at the point of care (i.e. directly before or during the appointment, as in Nundy, 
Lu, Hogan, Mishra, & Peek, 2014), or possibly check on the patient between 
appointments (Kumar et al., 2016). Additionally, the use of PGHD may fall into a 
healthcare worker’s interests to make the best use of available technology in order to 
provide better, more complete care for the patient. The Centers for Medicare and 
Medicaid Services has also implemented incentives for healthcare providers to collect 
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and interpret PGHD, effective January 1, 2018 (Centers for Medicare & Medicaid 
Services, 2017a; Centers for Medicare & Medicaid Services, 2017b).
To date, there has been a relative dearth of research regarding the possibility of 
combining PGHD and EHR data sources to produce a more comprehensive and holistic 
view of an individual’s health (Reading & Merrill, 2018). In their literature review, Lai, 
Hsueh, Choi, and Austin (2017) also found that opportunities exist for improving the 
synthesis and interpretation of PGHD, noting that “major gaps still exist how to use the 
data by both patients and providers” (p. 152). 
Some of the obstacles that have slowed the integration of PGHD into clinical care 
include the fact that PGHD data can be messy (noisy), different apps and devices collect 
different data with varying degrees of reliability/accuracy, and patients may not be 
consistent with wearing or using the app/device. Consequently, healthcare personnel may 
be wary of using PGHD in their patient assessments. Healthcare personnel may also have 
concerns regarding information overload, and incorporating views of an individual’s 
PGHD into clinical care may create yet another dashboard to look at, in additional to the 
numerous interfaces they are already dealing with from the EHR. This research focuses 
on designing a physical activity PGHD visualization system that healthcare personnel 
will find useful and actionable. 
If PGHD is to be successfully incorporated into clinical care, the presentation of it 
to healthcare personnel should be succinct and to-the-point. Part of the reason why 
research in more technical aspects of PGHD integration (such as solutions for PGHD 
accuracy/reliability questions) has not progressed faster may be because there has not 
been much assessment of what PGHD healthcare personnel actually want to see. It can be 
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difficult to garner support or determine direction for the research of more technical 
aspects of PGHD integration into clinical care without understanding the ways in which 
healthcare personnel would buy into the anticipated end result. For instance, a provider 
may not be interested in viewing a continuous line graph of a patient’s pulse over the past 
six months, but they may be interested in a summarization of this data, such as a 
highlighting of trends or outliers.  
This study seeks to examine the gap between the kinds of sensor-based PGHD that 
are currently collected, versus the formats or derivatives of this data that healthcare 
personnel would find useful. To focus the scope of this research, these questions will be 
examined from the angle of patient physical activity data at an internal medicine clinic. 
Thus, the research questions for this study are: 
1. What sensor-based PGHD do today’s fitness apps/devices currently collect? 
2. What would healthcare personnel want to see if this PGHD were incorporated into 
a patient’s clinical care (e.g. alongside or integrated with EHR data)? 
a. What would the incorporated PGHD be useful for (in general)? 
b. What conditions/situations would this PGHD be particularly useful for? 
3. How can the sensor-based PGHD be transformed from its collected form (as in 
question 1) into a more useful, actionable form (as in question 2)? 
In order to research this end-product visualization type of topic, this study makes 
the optimistic assumption that the technologies to support reliable and accurate sensor-
based PGHD collection exist or will exist in the future, and that other technological 
concerns (e.g. privacy/security, data compatibility between sensor systems and digital 
healthcare systems) can be adequately addressed. All of the obstacles to PGHD 
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incorporation into clinical care described in the previous paragraph are certainly very real 
and must be overcome before PGHD incorporation can be successful. However, issues 
such as accuracy/reliability and data compatibility are outside the scope of this study. By 
focusing on the aspects and features of PGHD incorporation that healthcare personnel 
would be interested in seeing (and therefore more likely to buy into), this study hopes to 
provide additional motivation for research and development into the more technical 
aspects of PGHD integration into clinical care. 
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2 LITERATURE REVIEW 
2.1 Definition of PGHD 
Patient-generated health data (PGHD) is defined as “health-related data...created, 
recorded, gathered, or inferred by or from patients or their designees (i.e., care partners or 
those who assist them) to help address a health concern” (Shapiro, Johnston, Wald, & 
Mon, 2012, p. 2). The key defining aspects of PGHD (as opposed to health data collected 
during clinical encounters, for example) are that PGHD are collected by patients (or their 
caregivers), and that the sharing of this data (e.g. with providers or other healthcare 
personnel) is controlled by the patients (or their caregivers). Examples of PGHD include 
health history, symptoms, biometric data, and lifestyle choices (Shapiro, Johnston, Wald, 
& Mon, 2012). PGHD is also sometimes known as patient-generated health information 
or PGHI (as in Sands & Wald, 2014). The concept of it can be found in similar terms 
such as “patient generated data” (PGD, as in Woods, Evans, & Frisbee 2016), “personal 
health records” (PHR, as in Huba & Zhang, 2012), and “patient reported outcomes” 
(PRO, although this term and acronym is sometimes reserved for “formalized patient-




2.2 Types of PGHD That are Currently Collected 
PGHD, PGHI, PHR, PRO, and other similar terms all mean to convey the idea of 
the patient collecting and being in charge of a certain part of their health-related data. 
While certain studies may focus on one type of patient-generated health data over others 
(e.g. a pilot test on a text messaging system), the definitions of these terms as defined in 
the papers they appear in tends to overlap heavily if not completely. For the purposes of 
being able to form a more cohesive and comprehensive literature review with consistent 
terminology, these terms will essentially be treated as synonyms between papers. The 
term “PGHD” (and its effectively synonymous terms) tends to cast a rather wide net, with 
no limitations on aspects such as documentation medium (e.g. paper versus digital 
documentation), or means of collection (e.g. manually recording information versus 
automatic inputs such as sensor data). 
This study focuses on the type of PGHD that can be collected automatically 
through sensors such as those found in health/fitness apps or trackers. Wood, Bennett, & 
Basch (2014) listed a variety of sensor-based PGHD, including step count/accelerometry, 
sleep, weight, blood pressure, heart rate, temperature, environmental exposure, blood 
levels (e.g. glucose, medication), falls, and geolocation. Calculating calorie burn is also a 
feature frequently seen in apps and activity trackers, while determining maximal aerobic 
capacity (or VO2 max) is a less common feature. Additionally, some activity trackers can 
detect or calculate the type of exercise being done and track the number of minutes it was 
done for (or have the user manually enter it in if the tracker failed to sense it) (Fitbit, 
2018). Although PGHD can encompass a wide variety of patient-generated information, 
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for the purposes of this project, “PGHD” will primarily refer to sensor-based physical 
activity data collected by health/fitness/activity trackers and apps.  
2.3 PGHD of Interest to Healthcare Personnel 
PGHD seems to have found a particular niche in care of patients with chronic 
diseases. Sands & Wald (2014) note that, as medical advances have reduced morbidity 
and mortality from acute conditions and infectious diseases, addressing chronic diseases 
has become a larger concern. While traditional models of healthcare systems have 
evolved to support episodic care and address acute events, care for chronic conditions 
involves a more longitudinal approach, often emphasizing “more continuous care, greater 
patient engagement, and closer monitoring of data” (Sands & Wald, 2014, p. 173). Nundy 
et al. (2014) also noted a diversity of provider opinions regarding which patients they 
were interested in receiving PGHD from. Some providers wanted to see PGHD for all 
patients, while others were more interested in specific subpopulations, and still others felt 
it would be most effective on a case-by-case basis. 
Diabetes has been a relatively well-researched chronic disease of interest for the 
incorporation of PGHD. In a 2014 study of primary care providers and endocrinologists, 
Nundy, Lu, Hogan, Mishra, & Peek, found that these providers expressed interest in 
seeing a combination of quantitative and qualitative data on PGHD summary reports. The 
quantitative data would provide assessments of self-care, such as blood sugar readings, 
exercise, and nutrition. Desired qualitative data included treatment barriers (e.g. costs), 
behavior assessments (e.g. self-efficacy), and diabetes knowledge (Nundy et al., 2014). 
Kumar et al. (2016) also studied the incorporation of PGHD into clinical care of pediatric 
diabetes patients. In addition to displaying the raw, continuously-monitored glucose 
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values and times to providers, the interface also included trend data such as averages and 
standard deviations for cumulative versus nighttime versus daytime values. The 
incorporation of PGHD into clinical care in Kumar et al. (2016)’s case was found to 
increase the engagement of patients/parents and improve healthcare provider workflow. 
Chung and Basch (2015) also recognized the potential for PGHD to extend 
healthcare monitoring to real-world settings outside of clinical encounters, producing a 
more continuous and complete picture of the patient’s health. In particular, they focused 
on high-quality cancer care, and noted that the incorporation of certain types of biometric 
PGHD could be especially valuable to cancer care. The PGHD specifically mentioned 
included heart rate, temperature, weight, blood pressure, pulse oximetry, physical activity 
and intensity, caloric expenditure, and sleep duration and quality. Rosenberg et al. (2016) 
found that men with prostate cancer who wore a fitness tracker in their study (to collect 
physical activity via step counts) had an overall positive attitude towards sharing physical 
activity PGHD with their health care team, and that many felt it supported their health 
and would help lead to the design of better interventions or treatments.  
2.4 Provider Perspectives on the Potential Benefits and Pitfalls of 
Incorporating PGHD Into Clinical Care 
Based on the literature, providers seem overall to be  open to the idea of 
incorporating PGHD into clinical care, although not without reservations. Most of the 
concerns relate to issues that arise with the advent of new and incoming technologies, 
while the positive sentiments generally relate to getting a more complete understanding 
of their patients, being able to provide better care in response, and getting patients more 
engaged in their own healthcare. 
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2.4.1 Positive sentiments 
Nundy et al. (2014) was able to categorize positive provider sentiments on PGHD 
into five themes: useful for setting agenda, assessing self-care activities, identifying 
patient barriers, understanding patient’s perspective, and increasing patient activation. 
The providers in Cohen et al. (2016) also reported PGHD as being useful for helping to 
direct treatment agendas (i.e. care plans), as well as for gaining a better understanding of 
the patient’s condition, particularly between clinic visits, which could help patients avoid 
unnecessary clinic visits. Huba and Zhang (2012) had similar findings for positive 
provider perceptions, especially in regard to setting an agenda and increasing patient 
activation (or patient engagement). More specifically, the providers in Huba and Zhang’s 
study felt that PGHD access could help them provide a more tailored experience to their 
patients, access information in emergency situations with non-local patients, and 
empower patients to make them more engaged in their own health care. 
Woods et al. (2016) also recognized the potential value of PGHD for pre-visit 
agenda setting, assessing the patient’s self-care, forming a more comprehensive profile of 
the patient, and increasing patient engagement. By framing these findings primarily as 
“shared value” in terms of both producing clinical benefits and meeting patient needs, 
Woods et al. paint the picture of a potential “win-win” situation for patients and 
providers. Providers could use the PGHD to help provide better and more personalized 
care to patients, while also accruing evidence for meeting performance goals. 
Although some providers in Woods et al. (2016) expressed hesitancy for using 
PGHD if they perceived it as inaccurate, others felt it would be more accurate and 
complete than data collected from the patient in person. Providers in Cohen et al. (2016) 
Nundy et al. (2014) had a similar view, with most of those in Nundy et al. (2014) 
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expressing that the patient data collected between appointments (via text messages, in 
Nundy et al.’s case) was less susceptible to recall bias because it was more frequent, and 
also less subject to patients’ tendency to want to “please the doctor” (p. 79) due to it 
being reported outside of the clinical setting. However, most providers in this study also 
expressed that they viewed the PGHD as a screening tool and a complement to in-person 
clinical history taking, rather than a replacement for it (Nundy et al., 2014). 
2.4.2 Addressing potential pitfalls and opportunities 
The promise of PGHD incorporation into clinical care does not come without its 
fair share of valid concerns and risks. Among these are lack of consistency or 
interoperability standards, privacy and security concerns, legal concerns regarding 
exactly how much of the PGHD the provider is responsible for viewing and acting on, 
and the potential for information overload  (Shapiro, Johnston, Wald, & Mon, 2012). 
There are also concerns regarding data accuracy and reliability of commercial trackers, 
which is out of scope for this particular study, but has been the focus of other studies (e.g. 
Murakami, et al., 2016; Bock, Kaminsky, Harber, & Montoye, 2017). Concerns about 
increasing health disparities due to technology access barriers for low-income/minority 
populations are also present (Nundy et al., 2014; Woods et al., 2016), and while they are 
just as important and deserve mention, they are also outside the scope of this study. 
This study will address the potential pitfalls relating to the presentation of PGHD 
to providers. The primary concern regarding PGHD data presentation is that of 
information overload, which can lead to the issue of a potential time burden (Shapiro et 
al., 2012), and additional stress for providers. These concerns also present opportunities 
for innovative solutions. At a high level, the various ways suggested by the literature to 
 14 
mitigate the risk of PGHD information overload for providers fell into three main 
categories: workflow solutions, increasing patient engagement rather than provider 
burden, and presenting the PGHD effectively to providers. These three categories are 
quite interlinked, and so all are discussed below. However, more emphasis is placed on 
the data presentation aspect of PGHD, since that is the focus of this study. 
2.4.2.1 Workflow solutions  
With the PGHD summary report pilot in Nundy et al. (2014), the healthcare 
personnel almost unanimously agreed that the best time to receive a PGHD summary 
report was immediately before a scheduled clinic visit. Shapiro et al. (2012) suggested 
the potential for a new “data review” role in healthcare (p. 11), as well as a “review 
priority structure” to help triage the influx of PGHD into high, medium and low 
importance levels (p.12). Several other studies have looked at integrating the PGHD data 
into clinical care in a more controlled and measured way. These mostly have to do with 
increasing the patient’s engagement with their health data, and are discussed in the next 
section. 
2.4.2.2 Increasing patient engagement 
Woods et al. (2016) recommended in their study that patients should be informed 
that their PGHD is for self-care, and is not regularly reviewed. Rather than putting the 
onus on healthcare personnel to continuously (or periodically) monitor every connected 
patient’s PGHD, patients could be alerted to seek medical care if certain parameters were 
breached. PGHD application interfaces should allow clinicians to extract snippets or 
summaries of aggregated PGHD into a patient’s health record when necessary, but the 
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primary responsibility of monitoring the PGHD would be given to the patients and their 
caretakers. 
Kumar et al. (2016) seemed to agree with the perspective of Woods et al. (2016). 
In implementing a continuous glucose monitoring system that transferred PGHD to 
Epic’s EHR patient portal app (“MyChart”), they emphasized to participating pediatric 
diabetes patients and caretakers that no alerts or inbox messages would be sent to 
providers for abnormal glucose levels. Instead, they instructed the patients and caretakers 
to direct any urgent questions or concerns to the diabetes care time “by established 
means” (p.533). Part of this had to do with the clearly-defined role Kumar et al. (2016) 
laid out for the glucose monitoring system: rather than replacing regular patient/caretaker 
monitoring, this was a data collection system for identifying “actionable trends by 
retrospective review between scheduled quarterly clinic visits” (p. 533). Even though the 
patients, caretakers, and providers were thus freed from unrealistic expectations of 
continuous provider monitoring of this PGHD, the four adolescent patients in the study 
were still found to be more actively engaged in their care between clinic visits by using 
MyChart’s messaging system (similar to email) to communicate with providers. Kumar et 
al. (2016) noted this kind of engagement to be “[u]nlike typical experiences with 
conventional communication” in a positive way (p. 535).  
2.4.2.3 Presentation 
Before getting too deep into describing recommendations or study findings 
regarding the actual display of PGHD to providers, most of the papers on this topic 
emphasize strongly that PGHD should be kept separate from regular EHR data collected 
from the patient’s clinical encounters. This separation should be established at both the 
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data architecture level, as well as at the display level. Shapiro et al.’s 2012 report found 
that while many providers somehow incorporate a limited amount of PGHD in their EHR 
system, there were no examples of PGHD flowing directly into the EHR without a review 
process or policy in place (p. 5). Providers developing a more formal approach to PGHD 
were found to use a PGHD “staging area” to receive and store PGHD before reviewing it 
(p. 10). This translates into the PGHD display, as it implies that information such as 
review status (e.g. “reviewed” versus “not reviewed”) will also need to accompany the 
PGHD on its way to the EHR (p. 9). Woods et al. (2016) noted that the separation of 
PGHD from other health record data will also help to avoid notification burden for 
providers. 
 
Presentation: User Interface 
The importance of a well-structured report was demonstrated in Nundy et al.’s 
2014 study, which emphasized that the summary report being tested took “less than a 
minute” for providers to review. Consequently, after pilot testing the PGHD summary, 
the providers in Nundy et al.’s study reported a “high willingness” to incorporate the 
report into their clinical workflow (Nundy et al., 2014, p. 80).  
Huba and Zhang (2012) found that the PGHD should be presented in a way that 
offers “a clear view of the data” and facilitates knowledge discovery (p. 3898). This 
includes organizing the information in chronological order, and allowing for the charting 
of data over time, “so as to view trends over time and identify problems or patterns” 
(p.3898). Greenwood, Gee, Fatkin, and Peeples (2017) note that simply tracking PGHD 
is not sufficient - the data needs to be analyzed for patterns and trends, and also needs to 
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be shared with the patient in a meaningful way to effect change. This can be exemplified 
in Kumar et al.’s study (2016), where the authors note that the standard way of reporting 
continuous glucose monitoring typically results in providers only being able to view the 
last three months of glucose data during quarterly clinic visits. Because continuous 
monitoring results in large volumes of data and trends, diabetes providers realistically can 
only focus on the most recent 2 to 4 weeks of data, which can mean their interpretations 
get biased by any more recent events that have happened to the patient (e.g. diet or 
activity change, recent illness). By allowing providers access to the PGHD on a more 
regular as-needed bias (e.g. if a patient/caretaker messaged them with a concern about it), 
and by visualizing the data in a way that highlighted trends, providers in Kumar et al. 
(2016) were able to more effectively identify issues from the data and target them for 
treatment. Additionally, the documentation of glycemic trends and provider medical 
advice through the MyChart messaging system meant less time was needed for 
documentation procedures during clinic visits, and thus additional face-to-face time with 
patients. Although Kumar et al.’s 2016 study focused on glucose monitoring PGHD, it is 
reasonable to assume that similar principles might manifest in the visualization of 
physical activity PGHD. 
Cohen et al. (2016) also reported that health professionals using a web-based 
interface with which they could sort, summarize, and graph data in different ways were 
able to extrapolate meaningful information such as patterns from PGHD more quickly. 
This helped assuage their concerns of information overload from the addition of PGHD 
to their workflow.  
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Presentation: Information Content 
In surveying 21 health professionals from 10 different specialties, Huba and Zhang 
(2012) found that they were unable to explore information needs and wants specific to 
each profession. However, it became evident to them that providers in different 
specialties would prioritize different types of information, and thus a “one-size-fits-all” 
approach to a PGHD interface might be suboptimal. Instead, they suggest enabling 
customization so that different providers can have their most desired information on a 
“main page”, rather than having to dig for it (Huba & Zhang, 2012). This was also shown 
to be true in practice in Cohen et al. (2016), where participants who were unable to easily 
customize their PGHD interfaces to prioritize the most relevant information expressed 
reduced ease of use and efficiency, as well as a desire for customization. Reading and 
Merrill’s 2018 review of patient/provider needs in PGHD use also identified a need for 
visualization interface customization for both patients and providers. 
2.5 Previous Work and Guidelines for Visualizing Physical Activity 
PGHD 
Cuttone, Petersen, and Larsen (2014) identified four data visualization heuristics 
for PGHD, although their guidelines were targeted towards designing for consumers of 
health/fitness trackers. These were: 
1.  “Make Data Interpretable at a Glance” (p. 544),  
2. “Enable Exploration of Patterns in Time Series Data” (for both global trends 
and periodic patterns) (p. 546),  
3. “Enable Discovery of Trends in Multiple Data Streams” (for multivariate 
analysis) (p. 547), and  
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4. Turn Key Metrics into Affordances for Action (p. 549).  
These guidelines may help in designing a PGHD visualization for healthcare 
personnel, although it is important to understand that healthcare personnel, being a 
distinct user group from health/fitness tracker consumers, may have very different needs 
and priorities from consumers. The heuristics from Cuttone et al. (2014) are in agreement 
with the guideline given Shneiderman (1996) to first present the user (of any information 
visualization, in general) with an overall summary view, so that users may gain “an 
overview of the entire collection” (Shneiderman, 1996, p. 337). Shneiderman (1996) goes 
on to further specify that the visualization should additionally allow the user to “zoom in 
on items of interest”, “filter out uninteresting items”, and “get details when needed” on 
selected items (p. 337). These four functions make up what Shneiderman (1996) refers to 
as “the Visual Information Seeking Mantra: Overview first, zoom and filter, then details-
on-demand” (p. 337). 
In discussing the exploration of periodic time series data, Cuttone et al. (2014) 
suggested that a calendar heatmap that “represents each day as a cell, and the variable 
value as the color shade of the cells”, with the cells aligned by day of the week (as in a 
typical calendar) can facilitate the discovery of weekly patterns (p. 547). Tang and Kay 
(2017) applied the calendar heatmap technique to visualize long-term physical activity 
data, specifically step counts and active minutes data, and found it to be an overall 
effective visualization (although, once again, this was for health/fitness tracker 
consumers rather than healthcare personnel). The participants in Tang and Kay’s 2017 
study found the “clarity and intuitiveness” a plus in the calendar visualization, which 
showed both the overview as well as data from individual days (p 20). The calendar 
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visualization helped participants discover long-term trends and patterns, revealed 
consistencies/inconsistencies, and helped with goal and strategy setting. Participants were 
also able to use the visualization to derive insights about goal adherence patterns, steps, 
and active minutes (Tang & Kay, 2017). 
The one study that was found to apply the visualization of patient physical activity 
PGHD (rather than a metric like blood glucose) in clinical care was Mentis et al. (2017) 
for patients with Parkinson’s disease. The researchers in this study provided paper-based 
visualizations of PGHD (daily step count views, and a weekly average step count view) 
for both the clinician (a neurologist, in this case) and the patient to use during the 
patient’s appointment. Mentis et al. (2017) found the visualization being used in the 
following three ways by the two participating neurologists: 1. Co-interpreting the data 
outliers (which the study authors noted was also not very informative to devising walking 
strategies going forward), 2. Building up a story from trends in the data based on days of 
week (usually led by the clinician), and 3. Identifying a walking strategy. The 
visualizations helped shape the goal-setting process during the appointments, as the 
participants (clinicians and patients) were able to focus their attention on setting realistic 
goals based upon the data presented. Previously, most patients had perceived the goal to 
be “a maximum as opposed to something that was regularly achievable and maybe even 
oftentimes passable every day” (Mentis, et al., 2017, p. 5807). 
From their study, Mentis et al. (2017) recommended that PGHD visualizations have 
an annotation capability (as pointing and annotating were found to be common actions by 
both the clinicians and the patients), as well as personal views for both the patient and the 
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clinician. Mentis et al. (2017) suggested that had their visualizations been interactive, 
then features such as zooming in or highlighting a week’s days could be included. 
2.6 Opportunity for This Study 
Healthcare personnel buy-in is critical to the success of any health information 
technology implementation. Patient buy-in for the use of PGHD for health/fitness 
purposes seems to already be on the rise: a consumer engagement survey by Accenture 
(conducted by Nielsen) found that use of both health apps and health wearables has 
approximately doubled from 2014 to 2016 (health apps from 16% to 33%, and health 
wearables from 9% to 21%) (Accenture, 2016). Recent surveys have also found that a 
majority of people in the United States would be willing to wear health tracking 
technology to track fitness/lifestyle (Accenture, 2016), and be willing to share lifestyle 
behaviors such as physical activity with their healthcare provider electronically 
(Accenture, 2016; National Cancer Institute, 2013). What remains is to find a way to 
harness this enthusiasm and channel it usefully for healthcare personnel. 
Although there has been much talk about the potential benefits of PGHD, 
relatively little has been researched on healthcare personnel’s perspectives of this data in 
the clinical setting (Nundy et al., 2014). Importantly, Rosenberg et al. (2016) noted that:  
Future work is also needed to explore how to integrate physical activity data into 
clinical care, including information and workflow needs of health care providers, 
in ways that minimize burden and promote utility. It may not be feasible to fully 
review and contextualize a detailed data stream within short provider visits. 
Future work should examine the right places for this data to enter into clinical 
workflow and the right health care team members to receive, review, and provide 
patient feedback on the data. (p.1058) 
 
This study aims to help address the above concerns by answering the following research 
questions (reiterated from the Introduction): 
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1. What sensor-based PGHD do today’s fitness apps/devices currently collect? 
2. What would providers want to see if this PGHD were incorporated into a patient’s 
clinical care (e.g. alongside or integrated with EHR data)? 
a. What would the incorporated PGHD be useful for (in general)? 
b. What conditions/situations would this PGHD be particularly useful for? 
3. How can the sensor-based PGHD be transformed from its collected form (as in 
question 1) into a more useful, actionable form (as in question 2)? 
These questions will be examined from the angle of patient physical activity data in 
an internal medicine clinic to focus the scope of this study. The field of internal medicine 
frequently deals with chronic diseases, and thus may benefit more from the regular 
monitoring that biometric sensor data could provide. 
While a review of available literature is able to largely answer this study’s first 
research question regarding the types of sensor-based PGHD that current fitness 
apps/devices are able to collect, there remain the second and third questions defined in 
the introduction chapter, which make up the crux of the issue at hand. Specifically, what 
would healthcare personnel want to see if the PGHD available from today’s apps and 
devices were incorporated into a patient’s clinical care? It is clear that different 
specialties may prioritize different types of PGHD (Huba & Zhang, 2012), and also that 
providers seem to find the most potential value in this type of data for long-term or 
chronic care (Sands & Wald, 2014). Hence, this study will focus on healthcare personnel 
who are involved in with primary care (where they tend to see the same patient 
repeatedly over a long period of time), and those who specialize in managing chronic 
conditions such as diabetes or cancer. It aims to support the existing literature with 
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additional data to answer the questions regarding what the incorporated PGHD would be 
useful for (in general), as well as what conditions or situations for which providers would 
find it particularly useful. 
Perhaps the most useful and “new” questions this study seeks to answer are the 
ones pertaining to the visualization of PGHD. What information and features would 
healthcare personnel want to see in such visualization? The literature so far provides 
some answers on what might or might not work, but the data is sparse, particularly 
concerning the use of physical activity PGHD. Additionally, most of the literature 
considers the static presentation of data, and this study presents the opportunity to obtain 
information on what interactive features of a PGHD visualization, if any, healthcare 
personnel might find useful. Lastly, this study seeks to clarify how sensor-based physical 
activity PGHD can be transformed from its raw, collected form into a more actionable 
format that healthcare personnel will find useful.
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3 METHOD 
This study consisted of three phases: pre-design user research (comprised of an 
observation and an online survey), visualization design, and post-design evaluation of the 
visualization’s utility and usability. The study was approved by the UNC Institutional 
Review Board (IRB Study #17-3313, approved on February 11, 2018). 
3.1 Population of Interest and Sampling 
This project sought to gain insights from healthcare personnel who are familiar 
with both electronic health record systems and the clinical workflows that occur during a 
patient appointment. Healthcare personnel from the internal medicine clinic at The 
University of North Carolina were recruited for the pre-design user research and post-
design evaluation phases of the project. Participants were purposively sampled via 
snowball sampling and email listserv. 
Participants received compensation in the form of gift cards whose values were 
roughly proportional to the relative amount of time and effort required for their part in the 
study. Participants in the pre-design observation and post-design evaluation parts each 
received a $25 gift card, while those in the online survey each received a $10 gift card. 
All participants were required to be employees of UNC’s Internal Medicine Clinic who 
interacted with patient physical activity information as part of their job, and 18 years of 
age or older. Interactions with patient physical activity information included handling the 
information in any way, such as collecting, storing, accessing, or using that data.
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3.2 Data Collection Methods/Procedures 
3.2.1 Pre-design user research: observation 
The observation took place at UNC’s Internal Medicine Clinic. It was originally 
planned to be a contextual inquiry, but the environment (exam room) did not allow for a 
true contextual inquiry to take place, and this part of the study was conducted more as an 
observation. Due to time and resource limitations of the researcher and the clinic, only 
one observation session was scheduled. The participant (clinic employee) who was 
observed was purposively selected to be a physician at the clinic, as it was determined 
that physicians would be likely be part of the primary user group of the PGHD 
visualization. Eight patient appointments with this physician were observed to get a sense 
of the participant’s current workflow and their interactions with patient physical activity 
data.  
Verbal consent was obtained from each patient prior to observing their 
appointment with the participant. In consideration of patient privacy, no audiovisual 
recordings were made. Instead, the researcher took notes in a notebook, focusing on the 
participant’s interactions with physical activity information. Examples of interaction 
included the participant asking the patient a question about their physical activity, 
checking their past notes and reading about their patient’s past physical activity, or how 
the patient responded to the participant’s question. No identifying information about the 
patient was recorded. The overall aim of this contextual inquiry-turned-observation was 
to establish an overall physician workflow, and to see where in their workflow a 
visualization might fit in. 
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In between several of the appointments when the participant went back to their 
office to review notes, a brief time was allowed for questions. However, this office time 
was also shared with the participant dictating patient appointment notes, checking his 
inbox for patient messages, and calling outside clinics or pharmacies to request relevant 
patient information. Therefore, the time for asking questions during the observation was 
very limited. A contextual inquiry outline was used to guide the observation, although it 
could not be fully followed. This outline is included in Appendix A. 
3.2.2 Pre-design user research: survey 
Because the contextual inquiry/observation was only able to include one 
participant, a survey was conducted to get a wider coverage of clinic members, and 
include other healthcare personnel such as medical assistants. The survey was conducted 
online using Qualtrics, and was sent via email to 18 clinic members, consisting of 12 
physicians, 3 advanced practice providers, and 3 medical assistants. For the physicians 
and advanced care providers, the criteria for inclusion into the recruiting email were two 
or more clinics per week. The 3 medical assistants selected had been at the clinic the 
longest. Nurses were also considered for the survey, but from the results of the 
observation, it was determined that they would be minimal users of the visualization, as 
they are typically “collectors” of data, while this visualization would have limited input 
capabilities and would be more focused on presenting the data rather than collecting it. 
The survey asked some basic demographic questions about the participants’ 
backgrounds, as well as their experience at the clinic. It also asked questions regarding 
the participants’ perspectives on a hypothetical patient physical activity visualization and 
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the types of information they would want to see on it, and how they might use it. All 
survey questions were optional. The full survey is included in Appendix B. 
3.2.3 Post-design evaluation 
After a prototype of the PGHD visualization was developed, an evaluation was 
conducted on its utility and usability. Because this was an exploratory evaluation (first 
iteration), the types of questions asked were focused on evaluating whether or not the 
visualization accomplished its goals of helping the healthcare professional assess and 
provide recommendations for their patients’ physical activity. The visualization used for 
the evaluation was based on mock data. 
Due to time and resource limitations, the post-design evaluation was limited to 
one participant. With the participant’s permission, the computer screen and audio for the 
evaluation session were recorded. The participant was first asked to walk the researcher 
through how they typically determine patient physical activity baselines and settle on 
physical activity recommendations. Then, the researcher introduced the visualization to 
the participant, walking them briefly through its various functions. Following that, the 
participant was asked to walk the researcher through how they might use the visualization 
in the process of determining patient physical activity baselines and recommendations. 
For this task, the process taken by the participant was emphasized, rather than the 
baseline and recommendation they came up with. Afterwards, the participant was given a 
paper printout of the visualization, and asked to mark which parts of the visualization 
were most useful, and which parts they might be interested in sharing or discussing with 
the patient. To obtain a general indicator of usability for this particular participant, the 
researcher also had the participant complete a system usability scale (SUS). This was 
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followed by a semi-structured interview to gain insights into what features of the 
visualization the participant would want to see more or less of. Documents for the post-
design evaluation are available in Appendix C. 
3.3 Data Analysis Methods/Procedures
3.3.1 Pre-design user research analysis and visualization design 
The results and analysis of the observation were used to help establish an existing 
workflow for potential users of the visualization, while the survey was used to help 
establish general characteristics of the primary and secondary user groups. Open-ended 
responses to the survey were coded. The large majority of the survey questions resulted 
in categorical data, so response choice frequencies was the primary method of analyzing 
the survey results. These, in turn, were turned into user personas and a user workflow 
from which the visualization requirements, and subsequently the mockups and prototypes 
of the visualization itself, were developed. 
3.3.2 Post-design evaluation 
While taking in stride the fact that one participant would be unable to produce 
generalizable results, the post-design evaluation was used to give some idea of how 
successful (or unsuccessful) the PGHD visualization was at helping a user in the primary
user group complete tasks they typically do in patient appointments. After the recordings 
from the evaluation session were transcribed, responses from the participant were 
qualitatively examined to extract potential concerns and recommendations for future 
improvements to the visualization. The system usability scale (SUS) score was calculated 
according to the recommendations given in Brooke (1996) and compared to established 
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percentiles, with the caveat that the score in this particular evaluation only represents the 
views of one participant. 
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4 RESULTS 
4.1 Pre-design User Research: Observation 
For the observation portion of the pre-design user research phase, notes were 
collected from observing eight complete patient appointments. The exact workflow 
differed between the appointments, but a typical overall workflow was able to be 
established. This was reviewed with the participant after all the observations were 
completed as a form of member-checking. The participant also offered information about 
where medical assistants fit into the workflow, so this information was added in as well, 
although it was not acquired through direct observation as no medical assistants were 
available during the observation. Figure 1 below describes the overall workflow of a 
patient appointment with the physician and, optionally (when available), a medical 




Figure 1: General overall physician workflow, with optional medical assistant. 
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The participant interacted with patient physical activity data in both the exam 
room with the patient, and a small office room across the hall from the exam rooms. In 
both environments, interaction with the electronic health record system was done through 
a desktop computer with a Windows operating system. The EHR used was Epic. 
For the physician, three points in the workflow were identified where he would 
potentially interact with patient physical activity information. The first point, annotated 
with (A) in Figure 1, would occur while the physician was in the office, before the 
physician actually first arrives in the exam room that the patient is in. At point (A), the 
physician would be reviewing notes from previous appointments (with particular focus 
on his own past notes). If the patient has filled out any surveys (e.g. about current health 
status), this would also be the point at which the physician would review those. It should 
be noted that not all previous appointment notes for the patient (even the physician’s own 
notes) actually contain patient physical activity information (some patients are only asked 
about it once a year, depending on goals/health conditions). However, when collected, 
this information is recorded as free text in the “History” section of past notes. The 
physician observed in this study noted that the “History” section is currently the only 
place in the patient record where physical activity information is recorded or stored. In 
the eight appointments observed, this was seen in only one instance, where the patient 
happened to be recording step counts with a Fitbit and sharing them with the physician 
during the appointment. Although the patient enthusiastically gave daily step counts for 
the previous week during the observed appointment, the past notes the physician 
reviewed prior to the appointment had summarized the patient’s previous activity as, 
“Patient logs more than 15,000 steps per day”. During member-checking, the participant 
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noted that he used this information to determine that this patient is very active, reaching a 
satisfactory level of physical activity. 
The physician’s second potential point of interaction with patient physical activity 
information would occur at point (B) of Figure 1, which is the cardiopulmonary review 
of systems. Of the three potential points of interaction identified, this was the most 
commonly observed (occurring in seven of the eight observed appointments). To lead 
into this, the physician would transition from general open-ended questions that allowed 
the patient to express any health concerns they had (e.g. “How’ve you been?), to more 
specific questions about physical activity. Observed examples of physical activity 
questions included: “What’s the most vigorous physical activity you’re doing?”, and 
“What’s the most vigorous exercise you’re doing now?” These were followed by 
questions about exercise tolerance, such as “Are you able to do as much as usual with 
[swimming], or has your exercise tolerance changed?”, and, “When you walk on the 
treadmill, how long?” During member-checking, the participant said they may also ask 
the patient a more direct question like, “Does your shortness of breath feel 
disproportionate to your exertion?” The participant noted that the physical activity 
questions he asks in this portion of the appointment are about all he needs for physical 
activity information, and mentioned that he was “not sure if [patient physical activity] 
needs to be quantified any more than that, but it might be nice”.  
The physician’s third potential point of interaction with patient physical activity 
information would occur at the “wrap-up” of the appointment, shown by point (C) of 
Figure 1. If physical activity was identified as a goal or part of the patient’s 
intervention/treatment, the physician might enter it into the EHR as part of the patient 
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instructions that are printed out in the after-visit summary for the patient to take home 
with them. In addition to entering physical activity goals into the patient’s record, the 
physician may also use this as a chance to reiterate the goals to the patient. Observed 
examples of this included the physician reminding the patient to “Go for a 15-20 minute 
walk each day”, or a more general statement such as, “I would focus on getting modest 
physical activity and eating a healthful diet [as discussed earlier in the appointment]”. 
Although a medical assistant was not available during any of the observed 
appointments and thus point (D) of Figure 1 was not actually observed, the participant 
informed the researcher that in cases where a medical assistant available, they (the 
medical assistant) typically act as a scribe for the physician. This entails interacting with 
the EHR during the appointment (accessing/entering information) similar to how the 
physician was seen to be doing during the observation, allowing the physician to focus on 
interacting with the patient. Additionally (as marked by Figure 1, (D)), the medical 
assistant may give patient education after the physician has completed the main portion 
of the appointment (particularly for chronic disease management). In this case, the 
medical assistant might interact with physical activity information (e.g. by inquiring 
about the patient’s past physical activity, and/or making recommendations for future 
activity). 
4.2 Pre-design User Research: Survey 
Thirteen participants completed the survey: 9 physicians, 1 advanced practice 
provider, and 3 medical assistants. The term “advanced practice provider” (APP) 
encompassed nurse practitioners, physician assistants, and other healthcare providers who 
hold their own clinics similarly to how physicians do. The results are reported here in 
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terms of the “primary user group” (n = 10) and the “secondary user group” (n = 3). 
Because the analysis found that physicians and APPs are both part of the primary user 
group, their results are combined. The primary user group (n = 10) consisted of nine 
physicians and one advanced practice provider, a clinical pharmacist practitioner. The 
secondary user group (n = 3) consisted of three medical assistants. Responses to open-
ended survey questions tended to be short, and therefore straightforward to code. Full 
survey results are tabulated in Appendix D. 
 
Background (Demographic, Educational, and Professional) 
Overall, the participants in the primary user group (n = 10) were found to be older 
and more experienced than those the secondary user group. Half of the primary user 
group had been at the clinic for over 10 years (n=5), with two additional participants 
having been at the clinic for 5-9 years. Their age range fell between 25 and 55+ years old, 
with three participants being 25-34 years old, three being 35-44, one being 45-54, and 
three being 55 or over. These participants had more specialized training: all ten held a 
professional degree (such as MD). They also expressed a proportionally higher degree of 
confidence in using the EHR in their work than did participants in the secondary user 
group. Seven participants responded that they felt “very confident” using the EHR (Epic) 
as part of their work at the clinic, while three reported feeling “confident” about their use. 
In contrast, participants in the secondary user group (n = 3) were generally younger 
with less experience and specialized training. All three of these participants had worked 
with the clinic for less than 3 years, with two of them having been there for less than 1 
year. Their age range fell between 18 and 34 years old, with two of them being in the 18-
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24-year-old age range. Two participants in this group reported a bachelor’s degree being 
their highest level of education completed, while one reported holding a master’s degree. 
Their level of confidence with using the EHR as part of their work in the clinic ranged 
from “confident” to “very confident”, with two participants responding “confident”, and 
one responding “very confident”. 
Both the primary user group and the secondary user group had a higher ratio of 
female to male respondents. The primary user group had 7 females to 3 males, while the 
secondary user group had 2 females to 1 male. None of the participants in either user 
group reported having disabilities that affect how they interact with computers (e.g. color 
blindness, motor skills impairments, etc.).  
 
Background (Current Practice With Respect to Patient Physical Activity Information) 
Regarding the participants’ current practices surrounding patient physical activity 
information, respondents in both groups expressed an emphasis on interacting with 
patient physical activity information for patients with chronic conditions, particularly 
diabetes. When asked what types of patients they typically interact with patient physical 
activity information for, half of the participants (n = 5) in the primary user group (n = 10) 
responded that they interact with patient physical activity information for every patient. 
All three participants who responded “Certain types of patients”, as well as one out of 
two participants who responded “Other (types of patients)” in this group specified that 
they interact with physical activity information for patients with chronic conditions, with 
diabetes being the most commonly singled-out condition among these open-ended 
responses (n = 2). One physician provided the following list of chronic conditions for 
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which patient physical activity information was especially pertinent: “history of obesity, 
DM [diabetes mellitus], HTN [hypertension], CAD [coronary artery disease], PAD 
[peripheral artery disease], hypercholesterolemia”. Three out of the five participants in 
the primary user group who selected “Certain types of patients” or “Other” also 
mentioned interacting with patient physical activity during an annual exam or prevention 
visit. All three of the participants in the secondary user group responded that they interact 
with patient physical activity information for “Certain types of patients” and then 
specified diabetic patients in their open-ended responses.  
Participants in both the primary and secondary user groups expressed the greatest 
interest in looking as far back as a patient’s previous appointment when assessing the 
patient’s physical activity. Five participants in the primary user group, plus all three 
participants in the secondary user group reported looking back this far during their 
assessments. One out of two participants in the primary user group who selected “Other” 
also specified “[s]ometimes it is since the last visit, if physical activity was one of the 
goals of intervention. Other times it is longer, up to a year, if I have not seen the patient 
in that time period.” Other reference times selected by participants in the primary user 
group included looking back in the month previous to the patient’s appointment (n = 2), 
the week previous to the patient’s appointment (n = 1), and the “past 6-12 months with 
emphasis on past 1-2 months” (n=1). 
 
Visualization: Information and Use 
For the primary user group (n= 10), the types of information most frequently 
requested in a patient physical activity visualization were Exercise type (n = 9), Minutes 
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of moderate-to-vigorous physical activity (n = 9), and Steps (n = 7). The 2 participants 
from the primary user group who selected “Other” specified interest in seeing 
information related to the frequency and consistency of the patient’s physical activity. 
One physician also provided an example of getting a sense of the patient’s baseline 
physical activity using quantitative steps data. Additionally, they expressed interest in 
being able to see community programs and resources local to the patient, such as “silver 
sneakers programs or parks/trails near them or senior centers.” 
The most popularly-selected types of requested information remained the same 
when participants in the primary user group were only allowed to select a maximum of 
three information types to display in the visualization (Minutes of moderate-to-vigorous 
physical activity: n = 9, Exercise type: n = 6, Steps: n = 6). One physician selected 
“Other” and specified “Frequency” as one of their three types of information 
The secondary user group (n=3) shared the same top choices as the primary user 
group regarding types of information to display (Exercise type: n = 3, Minutes of 
moderate-to-vigorous physical activity: n = 2, Steps: n = 2), although heart rate was also 
selected by 2 participants. Asking the secondary user group to limit their selection of 
information types to three types maximum gave the exact same results as giving them the 
unlimited selection in the previous question. Figure 2 (below) summarizes what 




Figure 2: Survey responses for the types of information healthcare personnel would want 
to see in the visualization. 
 
Participants in the primary user group (n = 10) showed the most interest in using a 
visualization of patient physical activity information to help make physical activity 
recommendations to the patient (n = 9), determine the patient’s baseline activity (n = 6), 
and summarize overall patient physical activity (n = 6). One physician selected “Other” 
and expressed interest in using the visualization for goal-setting. 
Participants in the secondary user group (n = 3) also selected the same three 
potential uses most frequently: using the visualization to summarize overall patient 
physical activity (n = 3), helping to make physical activity recommendations to the 









































What information would you hope to get 




summarizes interest in potential uses of a patient physical activity visualization for 
participants in both the primary and secondary user groups.  
 
Figure 3: Survey responses for the types of information healthcare personnel would want 
to use the visualization for. 
 
In regards to a default view for the visualization, the majority of participants from 
the primary user group (eight out of the ten) responded that they would prefer to see a 
monthly time period summarizing the patient’s physical activity upon opening up the 
visualization. The other two primary user group participants preferred to see either a 
weekly summary for the last month, or a weekly summary broken down by day.  
Two out of three participants from the secondary user group responded that they 
would prefer to see a weekly summarization of the patient’s physical activity, while the 














































Potential Use of Visualization





The majority of participants in both the primary and the secondary user groups 
responded that they would be interested in seeing how much the patient thinks they are 
exercising. Seven out of ten participants in the primary user group, and all three of the 
secondary user group participants responded positively to this question. 
 
Visualization: Additional Users, Use Cases, and Comments 
Five participants from the primary user group and one participant from the 
secondary user group responded to the open-ended survey question about other potential 
users of the visualization. The most common additional potential users for a patient 
physical activity visualization suggested by survey participants in the primary user group 
were care managers/care assistants for patients with chronic conditions (n = 3) and 
nutritionists/dieticians (n = 3). According to these participants, these healthcare personnel 
may find the visualization system useful for helping to make recommendations. One 
participant also suggested that a nutritionist may be able to use it “as part of a weight 
program or lifestyle modification”.  Providers (such as the physicians and advanced 
practice providers surveyed in this study) were also suggested as users by two 
participants: one from the primary user group and one from the secondary user group. 
Diabetes educators and physical therapists were each suggested by one participant from 
the primary user group. In all of these cases, the participants responded that the 
healthcare personnel they suggested could use the visualization to help make 
recommendations for their patients. 
Four participants, all physicians (i.e. in the primary user group), responded to a 
survey question asking for any additional comments about visualizing patient physical 
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activity information. These comments included that the visualization must be “easy to 
access” (n = 1) and “easy to view” (n = 1). One participant noted that “Overall most 
patients bring too much information... but overall physical activity is useful.” Another 
participant expressed needing to see “whether the [F]itbit (or whatever) information gives 
value added to asking the patient [about their physical activity]”. 
Predominant characteristics of the primary and secondary user groups, which were 
used in creating the user personas, are included in Table 1 below. 
Predominant characteristics 
Primary user group: Physicians and APPs Secondary user group: Medical Assistants 
Background: 
 Older (25 - 55+ years old), and has 
been at the clinic longer (up to over 
10 years). 
 No disabilities affecting how they 
interact with computers 
 Predominately female 
 Holds a professional degree (e.g. 
MD) 
At work: 
 Expresses high confidence in using 
the EHR (Epic) for their job. 
 Interacts with patient PA 
information for every patient (i.e. 
during annual wellness visits), but 
especially interacts with this 
information for those with chronic 
conditions (e.g. diabetes, 
hypertension, coronary artery 
disease) 
 Interested in assessing a patient’s 
physical activity since their last 
appointment 
Background: 
 Younger (18 - 34 years old), has 
been at the clinic for less time (up 
to 2 years). 
 No disabilities affecting how they 
interact with computers 
 Predominately female 
 Holds a bachelor’s or master’s 
degree. 
At work: 
 Expresses confidence in using the 
EHR (Epic) for their job. 
 Interacts with patient PA 
information for patients with 
diabetes  
 Interested in assessing a patient’s 
physical activity since their last 
appointment 
PGHD Visualization: 
 Most interested in seeing what 
types of exercise the patient is 
doing, number of minutes of 
moderate-to-vigorous physical 
activity, and number of steps. Heart 
rate is also a close contender 
PGHD Visualization: 
 Most interested in seeing what 
types of exercise the patient is 
doing, number of minutes of 
moderate-to-vigorous physical 
activity, number of steps, and heart 
rate 
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 Hopes to be able to use the 
visualization for helping provide 
PA recommendations for the 
patient, determining the patient’s 
baseline PA, and summarizing the 
patient’s overall PA. May also want 
to use it to discover trends 
 Wants a monthly summary as the 
default time period to show the 
patient’s physical activity 
 Interested in seeing how much the 
patient thinks they are exercising 
 
 Hopes to be able to use the 
visualization for summarizing the 
patient’s overall PA, helping 
provide PA recommendations for 
the patient, and determining the 
patient’s baseline PA 
 Wants a weekly summary as the 
default time period to show the 
patient’s physical activity 
 Interested in seeing how much the 
patient thinks they are exercising 
Table 1: General characteristics of the primary and secondary user groups, which were 
used in creating the user personas. 
  
4.3 Post-design Evaluation 
The participant for the post-design evaluation of the visualization system was a 
physician (but not the same one observed for the pre-design user research). Her current 
way of determining baseline patient physical activity was asking the patient a question 
such as, “How much exercise are you doing now?”, and also asking about the frequency 
of their physical activity. Her method of setting physical activity goals for her patient also 
typically relied on asking the patient about their past exercise history, and using that to 
set a frequency goal for doing a physical activity that the patient is willing to do. 
For the evaluation of the visualization, three timeframe views were available for the 
participant to explore: a “past month” view of the hypothetical patient’s physical activity, 
a “past 3 months” view, and a “since previous appointment” view. On the “past month” 
view, the participant indicated that the summary of moderate-to-vigorous physical 
activity (“active minutes”) were helpful for determining the patient’s baseline physical 
activity and making a physical activity recommendation for them. In addition to the 
average number of active minutes per week, this summary included the types of exercise 
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the patient was doing and the frequency/duration of sessions. The participant indicated 
that she would want to use the past month summary during the patient’s appointment to 
discuss physical activity with the patient. 
On the “past 3 months” view, the participant indicated that the active minutes 
graph, active minutes calendar, and the steps calendar were useful in helping to determine 
the patient’s physical activity baseline and making recommendations for them. She noted 
that the color changes in both the active minutes calendar and the steps calendar were 
helpful, and that she would want to use these calendars during the patient’s appointment 
to focus on days where the visualization showed the patient reaching their goals.  
Although the participant did not mark any of the items in the “since previous view” 
as useful for determining the patient’s physical activity baseline or making 
recommendations, she did indicate that this timeframe was useful, and specified wanting 
to use the active minutes graph and the “goal-reached” days on the active minutes 
calendar and steps calendar during the patient’s appointment. 
The participant gave the visualization system a SUS score of 70. This SUS score 
represents what a user might consider the system’s usability to be somewhere between 
“OK” (as in “fair”) and “good” (Bangor, Kortum, & Miller, 2009). That is, while its 
usability is not completely unacceptable, there is clearly room for improvement. The SUS 
score was calculated from the raw scores given during SUS evaluation according to the 
method presented in Brooke (1996). Score contributions for items 1, 3, 5, 7, and 9 were 
calculated by subtracting 1 from the raw score, and score contributions for items 2, 4, 6, 
8, and 10 were calculated by subtracting the raw score from 5. The sum of the score 
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contributions was multiplied by 2.5 to obtain the final SUS score. Table 2 (below) 
summarizes the scoring of this visualization. 










I found the system unnecessarily 
complex. 
1 4 
3 I thought the system was easy to use. 4 3 
4 
I think that I would need the support 




I found the various functions in this 
system were well integrated. 
2 1 
6 
I thought there was too much 
inconsistency in this system. 
2 3 
7 
I would imagine that most people 




I found the system very cumbersome 
to use. 
3 2 
9 I felt very confident using the system. 5 4 
10 
I needed to learn a lot of things 
before I could get going with this 
system. 
1 4 
 SUS Score 70 




From the literature review, it was found that types of physical activity information 
collected (or calculated) by today’s activity trackers include step count/accelerometry, 
heart rate, calorie burn, maximal aerobic capacity, type of exercise being done, and 
number of active minutes. Of these, the surveyed healthcare providers (in both the 
primary and secondary user groups) were most interested in seeing what type of exercise 
their patient is doing, minutes of moderate-to-vigorous physical activity, and step count. 
Medical assistants (the secondary user group) also showed interest in seeing the patient’s 
heart rate. 
In both the primary and secondary user group, the most popular potential uses of 
the PGHD visualization were helping to make physical activity recommendations to the 
patient, summarizing the patient’s overall physical activity, and determining the patient’s 
baseline activity. The surveyed healthcare providers indicated that the PGHD 
visualization could be potentially useful for all patients (e.g. during an annual wellness 
exam, or if physical activity was the patient’s goal), but it would be especially useful for 
monitoring the physical activity of patients with chronic conditions such as diabetes, 
obesity, hypertension, and coronary artery disease. 
From the workflow observed, the most likely points at which a primary user (e.g. 
physician) might use the PGHD visualization would when reviewing past notes 
immediately before seeing the patient for the appointment, during the cardiopulmonary 
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review of systems, and/or during the appointment wrap-up while patient instructions are 
being entered into the EHR. If present, the secondary user (i.e. medical assistant) might 
use the PGHD visualization after the main portion of the appointment, when they are 
giving patient education for chronic disease management. 
5.1.1 Pre-design user research: survey and observation 
In researching how to transform the types of data collected from today’s PGHD 
devices and apps into the forms that healthcare personnel at the internal medicine clinic 
would find useful and actionable, the results of the observation and survey were analyzed 
concurrently (rather than sequentially). Due to the small sample size, and because this 
project’s aim was not to determine differences in survey responses between the different 
user groups, percentages were not used in the analysis. Instead, the data was looked at 
more holistically, and used to establish primary and secondary user groups, create 
primary and secondary user personas, and to determine primary and secondary user 
workflows. From the observation and the survey combined, it was determined that 
physicians and advanced practice providers comprised the primary user group. That is, 
they make up the main target user group for this visualization. Thus, their needs were 
prioritized in making visualization design decisions, while those of the secondary user 
group were also kept in mind. General characteristics of the primary and secondary user 
groups were used in creating the user personas with attributes as specified in Table 1 (in 
the Results section). 
5.1.2 Visualization design 
The user personas and user workflow were used to inform the specifications for the 
design of the visualization. Emphasis was put on the needs of the physicians and 
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advanced practice providers, who were considered the primary user group. Following 
Ben Shneiderman’s mantra for interactive visualizations of “Overview first, zoom and 
filter, then details-on-demand” (Shneiderman, 1996), the main goal in designing the 
visualization was to have a system that would show the user an overall summarization, 
and then have options for filtering the data and drilling down (or “zooming in”) to view 
finer details upon interaction with the visualization. 
The parts of the survey data that were most key to determining what information 
appeared where in the visualization were what the primary user group wanted to see 
(summarized in Figure 2 of the Results section), and what they wanted to use the 
visualization for (summarized in Figure 3 of the Results section). Additionally, the one 
physician’s comment about needing to see if the PGHD adds value to asking the patient 
about their physical activity emphasizes the fact that, if the PGHD visualization is to be 
useful for healthcare personnel, it must make accessible some information that these 
users need, that they are not already getting just from asking their patients. The risk of 
exacerbating information overload with a PGHD visualization was highlighted by one 
participant who commented that “Overall most patients bring too much information”, 
while also noting that being able to look at overall physical activity is useful.  
 The specifications that resulted from the survey and observation analysis and 
were used in creating the visualization are listed below. While different groups of users in 
healthcare practices may have different exact needs, these specifications may help guide 
overall design of other PGHD systems: 
 Start with a big-picture summary first: 
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o This will help the visualization convey the desired information to the user 
quickly, with minimal clicking. 
 Prioritize showing the following information about the patient’s physical activity: 
o minutes of moderate-to-vigorous physical activity 
o the types of exercise the patient is doing 
o Number of steps 
 As a second priority, show the following information: 
o Heart rate 
o Number of calories burned (All physicians who wanted to see calories also 
wanted to see active minutes) 
 Temporal specifications: 
o Show monthly summary by default, but have the option to view by week 
o Have the ability to view how the patient’s physical activity has been since 
their last appointment. 
 Other specifications: 
o Targeted for desktop computers 
o The primary function of the visualization is for displaying data, not 
collecting it. (I.e. minimal input from user.) 
o Have ability to view and adjust physical activity goal 
o Have ability to view and adjust baseline (for steps) 
o Accessibility considerations: While none of the participants in the primary 
or secondary user groups reported disabilities affecting the way they 
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interact with computers, it is still good to keep in mind accessibility 
considerations as a matter of best-practice. 
It was decided that the term “past month” would mean the past 4 weeks up to but 
not including current day, in order to give the user the most complete and up-to-date 
summarization of the patient’s physical activity. Mockups were first made using 
Microsoft PowerPoint, then interaction was added using Axure RP 8 (version 
8.1.0.3372). An annotated screenshot of the month view (default timeframe) is shown 
below in Figure 4 with all graphs and calendar sections expanded, as well as a 
comparison view (“Snapshot compare” function) opened. Annotations are explained in 
the subsequent paragraphs. 
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Figure 4: Screenshot of the 1-month view with the snapshot compare function open for 










The prototype included the following components: 
 Ability to change the timeframe shown in the visualization (Figure 4, (A)): 
This was included at the top of the visualization. Following a strong survey 
response, the default view upon opening the visualization was set to a one-
month timeframe view. A “3-month” view and a “since last appointment” 
view were also available in the prototype. (For convenience, the “last 
appointment” in the prototype was set to be 3 months ago.) Additional 
timeframes choices of 6 months and 1 year were indicated with placeholders 
but not built into the prototype. 
 Summaries (Figure 4, (B1) and (B2)): For showing the amount of minutes of 
moderate-to-vigorous physical activity (“active minutes”) and steps. For 
active minutes, the summary also breaks down what types of physical activity 
the patient did, and for how long and how frequently (on average). The user is 
also able to edit goals for the patient’s weekly active minutes and daily steps, 
as well as the patient’s baseline daily step count in the respective summary 
sections. 
 Graphs with trendlines (Figure 4, (C1) and (C2)): For both active minutes and 
steps. Although it was not built into the prototype, the idea is that hovering 
over a bar on the graph will show a tooltip with the bar’s value. A placeholder 
tooltip was used in the prototype. The graph displayed for the 3-month 
timeframe allows the user to “zoom out” and get a bigger picture of the 
patient’s progress over time, and is included in Appendix E. These graphs 
with trendlines aim to help users discover global trends in the time series data 
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common to physical activity tracking, as recommended in Cuttone et al. 
(2014). 
 Calendars with individual days color-coded to show the physical activity 
levels per day (Figure 4, (D1) and (D2)): Taking cues from the guidelines in 
Cuttone et al. (2014) and the positive participant feedback found in Tang and 
Kay (2017), these calendars aim to help reveal weekly and monthly periodic 
patterns in the time series data. For easier viewing, the calendars scale up to 
take a greater portion of the visualization interface when the right panel (the 
blue “Snapshot compare” panel) is closed. For both the active minutes and the 
steps calendars, the user can hover over a specific day to show a tooltip with 
more details about what the patient did that day. (See Appendix E for 
examples of this tooltip. Calendars displayed for the 3-month timeframe are 
also included in Appendix E.) Clicking on the brown arrows on either side of 
the month name(s) displayed at the top of the calendar would allow the user to 
shift between months on the calendar: 
o For active minutes (Figure 4, (D1)), the days are shaded with varying 
tones of green, with light tones indicating fewer active minutes that 
day, and darker tones indicating more active minutes. Small icons (e.g. 
of a person walking, or of a bicycle) depict at-a-glance what type of 
physical activity the patient did on a particular day. On the 3-month 
view, the icons are absent so as to not clutter the calendar, but the user 
can still hover over individual days to reveal the tooltip showing 
details about any physical activity done on a particular day. 
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o The steps calendar (Figure 4, (D2)) was also coded, but used a red-
yellow-green color scheme with a dotted orange line to indicate the 
patient’s baseline steps for each day. Red was used to denote a day 
where the patient did not reach their baseline step count. Yellow was 
used when the patient at least hit their baseline step count, but did not 
reach their steps goal. Green was used when the patient reached their 
steps goal or exceeded it. In addition to the color indicators, the 
amount of fill also varied to show how much of their goal the patient 
had achieved each day, similar to how a typical bar chart uses height to 
illustrate its data. For the 1-month view, the actual step count is 
displayed in the upper right of each day, but this is absent in the 3-
month view to avoid cluttering the calendar with small text. The user 
can still hover over an individual day to get details about the step 
count, goal, and baseline for that day. 
  “Snapshot” function (Figure 4, (E)): Allows users to take a “snapshot” or 
screenshot of the timeframe currently displayed. This can then be referred to 
in future appointments, when the user might want to see how the patient’s 
physical activity has progressed between appointments. 
 “Snapshot compare” function (Figure 4, (F)): Allows users to open a previous 
snapshot taken through the snapshot function described above. When this is 
open, the any expanded graphs or calendars will shrink to a smaller size to 
allow room for the selected snapshot to display on the right side of the 
window. This way, healthcare personnel can compare graphs and/or calendars 
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taken at different points in time (e.g. to look at the patient’s progress since 
their previous appointment). 
5.1.3 Post-design evaluation 
The participant in this post-design evaluation was able to integrate this 
visualization into her workflow for determining the patient’s baseline physical activity 
and making physical activity recommendations. Her current workflow for determining 
baselines and recommendations involved inquiring about the patient’s past physical 
activity, and in this regard, the summary proved useful, as did the calendar heatmaps for 
minutes of moderate-to-vigorous physical activity and steps, especially with their color-
coded individual days. In particular, the participant said, “I like the colors being able to 
demonstrate change over time.” She also noted that the limited amount of information 
presented by the visualization made it more appealing and easier to figure out, stating, “I 
think it’s overall simplified in a way that could be useful.” 
The participant expressed wanting to be able to use the active minutes graph to 
quickly get an idea of total moderate-to-vigorous physical activity per week, but had 
trouble interpreting the graph provided in the visualization, although she was unable to 
express exactly why. The snapshot function and snapshot comparison view were 
sparingly used by the participant, but it was not clear if this was because these features 
were confusing on the user interface, not well-explained, genuinely not useful, or some 
combination of these factors. The participant did suggest that the information provided by 
these features could be useful for her, but their placement made them not intuitive for her, 
stating “I guess that’s what I want, but going up there [to the top right of the 
visualization] doesn’t make sense to me, I guess, so I just would flip back in the 
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calendar.” Future usability testing with this visualization could help determine what 
attributes of the active minutes graph could be improved to make it more usable at a 
glance, and further explore what issues might exist with the snapshot functionality. 
Although the participant explored the PGHD visualization fairly in-depth during 
the post-design evaluation, she expressed concerns about logistical and time barriers to 
using the visualization in her actual clinical workflow with patients. When asked about 
her feelings on incorporating a PGHD visualization into her clinical workflow, she 
responded, “That’s the hard part - how to have it be usable in a clinic session.” Aside 
from the issue of the patients needing to have fitness trackers, the participant noted that 
the visualization would have to be easily accessible - either on paper or on the computer 
screen during the visit - for it to be useful. She seemed to mainly consider using the 
PGHD visualization during the actual patient appointment, as she did not specifically 
mention before- or after-appointment use case scenarios during the evaluation session. 
The participant noted that, if the visualization were accessed on the patient’s phone 
(during an appointment), “it’d probably be too small to be useful”, and that realistically 
speaking, “[t]here’s a lot of things competing for time”. According to the participant, in 
discussing the visualization with the patient, “[t]he general trendline is about all we’d be 
able to go over, of like, ‘Oh you’ve really done a lot more physical activity. You’ve done 
a lot more days, that’s great.’ Or, ‘It looks like you haven’t changed much from looking 
at your calendar here. What do you think you could do to improve your fi- your exercise 
amount?’” This sentiment actually echoed that expressed by the physician participating in 
the observation part of the project. While both participants were interested in the 
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visualization of PGHD, they also wanted to emphasize that limited time was a key 
challenge to integrating it into their real-world clinical workflow. 
5.2 Limitations 
Sample sizes for this project were determined in consideration of time and resource 
limitations of the researcher and the clinic. This meant there was only one participant for 
the observation part of the user research phase, and only one participant for the post-
design evaluation phase. However, if time and resources allowed, ideally more 
participants would be included in both of these phases, until a “saturation point” was 
reached. That is, when the researcher starts to encounter the same data again and again, 
even with new participants. Often, 5-8 participants is cited as a recommendation for 
getting near saturation point (Nielsen, 2012). Although the focus should be on getting 
data from the primary user group, it would also be valuable to observe and evaluate the 
visualization from secondary user groups (e.g. medical assistants) if time and resources 
allowed. The data from the user research phase would be much richer and more “organic” 
if the observation were able to be conducted as a contextual inquiry as outlined in 
Appendix A. Because the survey in this project was conducted to help compensate for the 
limited observation, contextual inquiries with enough participants to reach a saturation 
point may be able to effectively replace the survey in a future study. 
For the post-design evaluation, the fact that there was only one participant means 
that the qualitative results are heavily influenced by the participant’s communication and 
goal-setting style. This particular participant preferred to look at the patient’s past 
activities where they had seen success or felt good about themselves, and use that to 
encourage the patient and set goals going forward. Thus, she was able to use the 
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visualization in a way that supported her style. However, different healthcare personnel 
may have different approaches and needs for finding baselines and determining 
recommendations, and as a result, they may experience different workflows, benefits, 
difficulties, and degrees of overall success while using the visualization. For this reason, 
it is important to perform additional utility/usability testing with more primary and/or 
secondary users (preferably until saturation point is reached) in order to be able to draw 
stronger conclusions regarding any interaction or design improvements to the PGHD 
visualization. 
Similarly, the SUS from the post-design evaluation would also benefit from having 
a larger sample size. With just one participant scoring the visualization, a sense of how 
that particular participant felt about the overall usability of the system can be determined, 
but the result cannot be generalized to the larger user group. Hence, if a future evaluation 
of the PGHD visualization is conducted with a larger sample size, the SUS can be 
assessed with more useful and generalizable results. 
5.3 Future Work 
In the future, additional iterations of visualization evaluation and development can 
help improve the utility and usability of the PGHD visualization. For this project, the 
post-design evaluation was focused on the visualization’s ability to fit into the healthcare 
personnel’s existing tasks. One recommendation for future evaluation of this 
visualization system (or any similar systems) is to not set the “last appointment” 
timeframe to coincide with one of the other timeframes. In this case, setting the last 
appointment date to coincide with the 3-month timeframe resulted in some uncertainty as 
to whether the participant actually preferred the 3-month view over the previous 
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appointment view, or just selected it by chance, since the two views effectively presented 
the same information. 
In later iterations, usability evaluations may be focused on finer, less conceptual 
details such as the placement of elements, colors, etc. Although these finer details may 
seem minor, they impact aspects such as consistency of the system, and thus play an 
important role in making the user’s experience with the visualization more effective and 
appealing. The visualization could also be evaluated heuristically using a set of 
guidelines such as those provided by Nielsen Norman Group (Nielsen, 10 Usability 
Heuristics for User Interface Design, 1995). 
For visualization itself, additional features that could be considered for future work 
include the following: 
 Ideas from the reviewing the literature: 
o Provider-selected settings: This would allow users to customize the 
visualization to put focus on the aspects they feel are most important or 
useful (Reading & Merrill, 2018).  
o Annotation capability and patient views: Mentis et al. (2017) 
recommended these features from their study on visualizing patient 
activity tracker data during clinical visits. 
o Weight training: In addition to aerobic activity, which is the emphasis of 
this visualization, weight training is also part of the CDC’s physical 
activity recommendations (Centers for Disease Control and Prevention, 
2015). 
 Ideas from pre-design user research (e.g. the survey for this project): 
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o Detailed heart rate graph: This may be more information than is desired or 
helpful for some users (e.g. the participant in the post-design evaluation), 
although the medical assistants in the secondary user group expressed 
interest in it. 
 For active minutes: This may help when looking for irregularities 
in the heart rate when the patient is under physical stress. 
 For resting heart rate: This can be an indicator of overall health. 
o Incorporation of the patient’s perspective: The majority of the healthcare 
personnel surveyed showed interest in seeing how much the patient thinks 
they are exercising. 
o Connection with community resources local to the patient: This was 
mentioned in a free-text response by one physician in the survey. 
 Ideas from the post-design evaluation: 
o Goal lines (or some other sort of goal indicator) on the graphs for active 
minutes and steps: This might help users understand the trends in these 
graphs more quickly and at-a-glance. 
o Improvements to the intuitiveness of the snapshot function: A snapshot 
comparison function that is able to display the overall difference between 
in patient physical activity between snapshots may help users more 
quickly assess whether their patient has improved, has been doing the 
same, or has been doing less since their last snapshot (i.e. last 
appointment). Additionally, a different placement of the “Take snapshot” 
and “Snapshot compare” functions might make them more intuitive to use. 
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 Other ideas: 
o Adjust goal to add x steps every y weeks: Adding this function may help 
the user (and their patient) more easily set incremental goals that the 
patient can work towards over time. 
It is important to note that any additional features will likely add to the 
complexity of the system, and thus care must be taken to avoid overloading users with 
information, especially in the healthcare context where users are already burdened with 
not only the EHR, but also a complex physical environment. The system should also be 
tested user’s actual environment (i.e. exam rooms with patients), if possible.
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6 CONCLUSION 
This exploratory project aims to serve as a case study for others who may be 
interested in designing or developing a visualization system for physical activity PGHD. 
It was found that, in the setting of an internal medicine clinic, a PGHD visualization had 
the potential to be useful for all patients, but could be especially valuable for working 
with patients with chronic conditions such as diabetes. The most popularly requested 
types of information to display on the visualization were types of exercise the patient is 
doing, minutes of moderate-to-vigorous physical activity, and step count. Surveyed 
healthcare personnel were most interested in using the visualization for helping to 
determine the patient’s baseline physical activity, helping to give the patient physical 
activity recommendations, and summarizing the patient’s physical activity. 
A set of specifications was formed to guide the transformation of streams of 
sensor-based PGHD into the more accessible and actionable formats that the surveyed 
healthcare personnel expressed interest in. The evaluation of the prototype visualization 
found areas for improvement in usability and utility, and underscored the importance of 
considering healthcare personnel’s time limitations when designing or developing a 
visualization system for use in real-world clinical care. Additional contextual inquiries 
and future iterations of design, prototyping/development, and evaluation with larger 
sample sizes would be essential for making this particular PGHD visualization system 
practical and appealing for healthcare personnel.
 63 
While the results of this study may not be directly generalizable, the methods and 
materials from the observation, survey, and evaluation may be useful for future studies in 
this domain. Additionally, the specifications for the visualization design in the discussion 
section may also help guide the design of future PGHD visualization systems.  
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APPENDIX A: CONTEXTUAL INQUIRY (OBSERVATION) GUIDE 
Contextual Inquiry Observation Guide 
Title of Study: Visualization of physical activity patient-generated health data (PGHD) 
for clinical care 
 
Introduction (5-10 minutes) 
● Hello. My name is ________. Thank you for taking the time to participate in this 
study.  
● This is part of a project to design a visualization that can help health care 
personnel better understand their patients’ physical activity between 
appointments. Understanding your clinic’s current workflow is extremely 
valuable for designing a visualization that does not clash with the existing system. 
● I’m here to learn from you about your clinic’s normal workflow with the patient 
and the Epic electronic health record system (EHR), especially in the context of 
handling patient physical activity information. I’ll start with a quick background 
question, and then I will shadow you as you work. If allowable and appropriate, I 





● Your participation in this study is completely voluntary. You may end your 
participation at any time for any reason. You do not have to answer any questions 
that you do not wish to answer. 
 
Note-taking and Confidentiality: 
● With your permission, I will be taking notes while you are working. 
● Here is the consent form. The consent form provides more detailed information 
regarding confidentiality and the nature or participation. Please take a moment to 
read over it before you sign it, and let me know if you have any questions or 
concerns. Give the participant a consent form and give them time to read/sign it. 




● Thanks again for agreeing to participate in this study. Before we start, do you 
have any questions? 
 
Participant background:
● What is your role in the health care team (i.e. job title)?
 68 
Contextual Inquiry 
Researcher’s Observation Guide 
 Observe participant while they are working in the clinic, paying particular 
attention to at what points the participant interacts with the patient’s physical 
activity information, and how they interact with the electronic health record 
system. 
 ***Make sure to ask for the verbal consent of any patients the participant works 
with during the contextual inquiry. *** 
o If the clinic already has a standard procedure or script for this, researcher 
will defer to it. If there is no standard procedure/script, the researcher will 
use the following: 
 “Hello, my name is ________. I’m shadowing [participant] today 
as part of my research on how health care workers interact with 
certain kinds of information in the electronic health record system. 
Although I may take notes, they will be focused on what 
[participant] is doing, and won’t be identifiable or connected back 
with you in any way.  Is it okay if I’m in the room during your 
appointment?” 
 If the patient consents, thank the patient. If the patient does not 
consent, the researcher will omit observing that patient’s 
appointment. 
 Take notes, and when allowable and appropriate, ask questions to clarify 
understanding of the clinic’s workflow in relation to patient physical activity data. 
The researcher may ask the participant about interactions other health care 
personnel may have with patients (in general) and/or their physical activity data 
during a typical appointment. 
 
Information to Gather: 
1. Outline a typical clinical appointment, being sure to include the participant’s 
upstream/downstream interactions with other health care personnel. (This would 
be asking about the current workflow.) 
a. Make particular note of the participant’s interactions involving patient 
physical activity data. 
b. Keep in mind for each step: 
i. What are they motivated by? 
ii. What are they looking for? 
iii. What do they want to do/What are their needs?  
2. Questions to answer via contextual inquiry: 
a. At what point in the appointment do health care personnel collect (or 
interact with) physical activity data? 
i. Who is collecting/interacting with the data? 
ii. What data do they collect/access/use? 
iii. How do they collect/access it? 
b. What do they do with the data? 
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i. How would they use/view/interact with it? (E.g. discuss with 
patient, or review alone and then consult with patient separately, 
etc.) 
 
Conclusion: Thank you again for your time. Here is a $25 Amazon gift card for your 
participation. Before you go, do you have any questions for me? 
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The following questions will be entered into Qualtrics or similar survey software, so 
participants will take the survey online. 
 
Screening questions (may be formatted as a matrix table in Qualtrics to reduce burden on 
the participant): 
Are you at least 18 years of age? 
- If yes → continue 
- If no, exit. 
 
Are you an employee at UNC’s Internal Medicine Clinic? 
- If yes → continue 
- If no, exit. 
 
Do you ever collect, use, access, or interact with patient physical activity information as 
part of your role at the clinic? 
(Examples include, but are not limited to: collecting physical activity information and 
entering it into the electronic health record, accessing it to discuss with a patient, or 
passing physical activity information to a colleague or coworker.) 
- If yes  Continue to survey 
- If no, exit.  
 
Survey Question Answer type/Answer choices 
 
Basic Background 





- 55 and over 
- Prefer not to answer 






- If selected, present open-
ended text box to explain 
- Prefer not to answer 
Do you have any disabilities that affect 
how you interact with computers (e.g. color 
blindness, motor skills impairments, etc.)? 
Multiple choice (Radio 
buttons)/Conditional open-ended: 
- Yes 
- If yes: Open-ended text box 
to explain 
- No 
- Prefer not to answer 
 
Educational/Professional 
What is the highest degree or level of 
school you have completed? 
Multiple choice (Radio buttons): 
- Less than a high school diploma 
- High school degree or equivalent 
(e.g. GED) 
- Some college, no degree 
- Associate’s degree (e.g. AA, AS) 
- Bachelor’s degree (e.g. BA, BS) 
- Master’s degree (e.g. MA, MS, 
MEd) 
- Professional degree (e.g. MD, 
DDS) 
- Doctorate (e.g. PhD, EdD) 
- Prefer not to answer 
What term best describes your role in the 
clinic’s health care team (i.e. current job 
title)? 
Multiple choice (Radio 
buttons)/Conditional open-ended*: 
- Doctor 
- Physician Assistant 
- Nurse 
- Medical Assistant 
- Other 
- If selected, present open-
ended text box to explain 
*Variants of these terms may be used in the 
actual survey, to more accurately reflect 
the terminology the clinic uses. 
How long have you been working with this 
clinic? 
Multiple choice (Radio buttons) 
- Less than 1 year 
- 1-2 years 
- 3-4 years 
- 5-9 years 
- 10 or more years 
How confident are you with using the 
electronic health record system (i.e. Epic) 
as part of your work at the clinic? 
Multiple choice (Radio buttons): 
- Not confident at all 
- Slightly confident 
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- Somewhat confident 
- Confident 
- Very confident 
For what types of patients do you typically 
interact with patient physical activity 
information? 
 
Multiple choice (Radio 
buttons)/Conditional open-ended: 
- Every patient 
- Certain types of patients (e.g. those 
with specific conditions or age 
range) 
- If selected, present open-
ended text box to explain 
- Only patients who express interest 
in discussing physical activity 
- Other 
- If selected, present open-
ended text box to explain 
When reviewing a patient’s physical 
activity, how far back are you interested in 
looking? 
 
Multiple choice (Checkbox)/Conditional 
open-ended: 
- As far back as the patient’s record 
allows 
- Since the patient’s last appointment 
- In the month previous to patient’s 
appointment 
- In the week previous to the 
patient’s appointment 
- Other 
- If selected, present open-
ended text box to explain 
Visualization-specific 
Prompt:  
Patient-Generated Health Data (PGHD) refers to health-related data created or collected 
by patients or their caregivers (in contrast to health data created or collected during 
clinical encounters). PGHD can include data collected by sensors (such as fitness 
trackers), as well as data that is manually recorded by the patient. 
 
Imagine you have a visualization of one of your patients’ regular physical activity that 
was created based on PGHD. Assume the data used for it is reliable and valid. You would 
be able to access this visualization before, during, and after the patient’s next 
appointment. 
What information would you hope to get 
out of this visualization? 
Some examples are provided. You may 
select all that apply, and add your own 
ideas or elaborate on any of your selections 
in the text box for this question. 
 
Multiple choice (Checkbox) and Open-
ended: 
- What kinds of exercise patient is 
doing 
- How many calories burned 
- Number of minutes of moderate-to-
vigorous physical activity 
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- Number of steps 
- Heart rate 
- VO2 max (i.e. maximal aerobic 
capacity). 
- Have ideas to add or elaborate on? 
Tell us here!: [Open ended text 
box] 
 
If you could only pick three (3) types of 
information to be displayed on this 
visualization, which types would you pick? 
Multiple choice (Checkbox, limited to 3 
choices)/Conditional Open-ended: 
- What kinds of exercise patient is 
doing 
- How many calories burned 
- Number of minutes of moderate-to-
vigorous physical activity 
- Number of steps 
- Heart rate 
- VO2 max (i.e. maximal aerobic 
capacity). 
- Other 
- If selected, present open-
ended text box to explain  
What would you hope to be able to use this 
visualization for? 
Some examples are provided. You may 
select all that apply, and add your own 
ideas or elaborate on any of your selections 
in the text box for this question. 
 
Multiple choice (Checkbox) and Open-
ended: 
- Helping to give the patient 
recommendations for physical 
activity 
- Determining the patient’s baseline 
physical activity 
- Discovering trends 
- Discovering outliers 
- Zooming in on time periods of 
interest 
- Viewing an overall summarization 
of the patient’s physical activity 
- Have ideas to add or elaborate on? 
Tell us here!: [Open ended text 
box] 
 
Imagine you open up this visualization to 
review your patient’s physical activity. 
What time period would you prefer to see 
summarizing the patient’s physical 
activity? 
Multiple choice (Radio button)/Conditional 
open-ended: 
- Yearly summary 
- Monthly summary 
- Weekly summary 
- Daily summary 
- Other 
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- If selected, present open-
ended text box to explain 
Would you be interested in seeing how 
much the patient thinks they are 
exercising? 
Multiple choice (Radio buttons): 
- Yes 
- No 
Can you imagine your colleagues at the 
clinic using this patient physical activity 
visualization in other ways? 
If so, what types of job role(s) do you think 
would be able to use it, and how would 
they use it? 
[Open ended text box] 
Any additional comments about visualizing 
patient physical activity information? 
[Open ended text box] 
 
Exit Screen 
Thank you for your participation in this survey! We would like to send you a $10 
Amazon Gift Card in appreciation of your time and effort. 
 
[If necessary for separating the research data from the data used to compensate 
participants (i.e. email addresses), the below section may be presented on a different 
survey or link. Appropriate directions would be provided to participants.] 
 
If you would like the gift card, please enter your email address in the text box below. You 
should receive the gift card at this email address within the next 3 business days. This 
email address will not be used for any purpose other than to deliver the gift card. It will 
NOT be tied to your survey responses in the data analysis. 
 
[Open-ended text box] 
 
* If you experience any issues with receiving the gift card, please contact [researcher 











APPENDIX C: EVALUATION DOCUMENTS 
Usability Evaluation Guide 
Title of Study: Visualization of physical activity patient-generated health data (PGHD) 
for clinical care 
Duration: ~30 minutes 
 
Introduction (3 minutes): 
● Hello. My name is ________. Thank you for taking the time to participate in this 
study.  
● This is part of a project to design of a visualization that can help health care 
personnel better understand their patients’ physical activity between 
appointments. This visualization has been designed specifically with your clinic’s 
needs in mind, so your feedback is extremely valuable. 
● I will start with some quick background questions, and then show you a prototype 
visualization for you to test out. After that, you’ll complete a short questionnaire, 
and then I’ll ask you some open-ended questions about your overall experience 
and thoughts. 





● Your participation in this study is completely voluntary. You may end your 
participation at any time for any reason. You do not have to answer any questions 
that you do not wish to answer. 
 
Note-taking and Confidentiality: 
● With your permission, I will be recording the computer screen while you are 
completing the study. I will also be audio recording and taking notes. The 
recordings are solely for me to use during data analysis for this study. They will 
never be shared outside of the research team. 
● Here is the consent form. The consent form provides more detailed information 
regarding confidentiality and the nature of participation. Please take a moment to 
read over it before you sign it, and let me know if you have any questions or 
concerns. Give the participant a consent form and give them time to read/sign it. 






● Thanks again for agreeing to participate in this study. Before we start, do you 
have any questions? 
 
Participant background (5 minutes): 
● What is your role in the health care team (i.e. job title)? 
● Do you ever provide physical activity recommendations for your patients? 
o (If yes): Can you walk me through how you typically decide on a physical 
activity recommendation for your patient? 
● Do you typically establish any kind of physical activity baseline for your patients? 
o (If yes): Can you walk me through how you typically establish this 
physical activity baseline? 
 
Visualization and Task (10 minutes):  
Now let’s look at the visualization. 
 
Introduce visualization: This may include walking participant through the home screen, 
options for timeframe change, goal edit, snapshot, and comparison functions, as well as 




Imagine that this data is for one of your patients, and that the data is reliable and valid. 
Imagine you are able to access this visualization before, during, and after the patient’s 
next appointment. The patient is coming in for an appointment today (may specify an 
appointment date). For the purpose of this evaluation, please stick to viewing data [since 
the patient’s previous appointment]. (The time period may vary in the actual evaluation.) 
 
● Can you walk me through how you might use this visualization to establish a 
physical activity baseline for the patient? (You can ask me questions about the 
patient’s habits if you can’t find some information in the visualization.) 
● Can you walk me through how you might use this visualization to decide on any 
physical activity recommendations or goals for the patient? 
Give participant a paper copy of the visualization to annotate/mark up. 
● What parts of the visualization did you find most useful for these tasks? You can 
circle them on this paper copy of the visualization. 
● Are there any parts of the visualization that you would want to use during the 
patient’s appointment, such as to generate or help with discussion? 
o (If yes): Can you put a star next to those parts? 
 
Thank you. That concludes the task.  
 
Post-Test Questionnaire (2 minutes): 




Give participant Post-Test Questionnaire (Modified System Usability Scale), and give 
them time to complete it. (See last page of this guide for the Questionnaire.) 
 
Great! Now I have a few open-ended questions for you. 
 
Post-test semi-structured interview script (10 minutes): 
1. Are there any features on the visualization you would be interested in seeing more 
options for (or more depth on)? (If yes, which ones and why?) 
2. Are there any features you would add to or remove from the visualization? (If yes, 
which ones and why?) 
3. Are there any features you found confusing or cumbersome? (If yes, which ones 
and why?) 
4. Overall, how would you feel about incorporating this kind of visualization into 
your clinical workflow with patients? 
5. Do you have any additional thoughts or questions about this visualization or this 
usability test that you would like to share? 
 
That concludes the test. Thank you again for your time. Here is a $25 Amazon gift card 





























System Usability Scale 
 
          




             Strongly          Strongly  
             disagree            agree 
 
1. I think that I would like to  
   use this system frequently.  
     
2. I found the system unnecessarily 
   complex. 
     
 
3. I thought the system was easy 
   to use.                        
 
 
4. I think that I would need the 
   support of a technical person to 
   be able to use this system.  
 
 
5. I found the various functions in 
   this system were well integrated. 
     
 
6. I thought there was too much 
   inconsistency in this system. 
     
 
7. I would imagine that most clinic 
   members would learn to use this 
   system very quickly.  
  
 
8. I found the system very 
   cumbersome to use. 
    
 
9. I felt very confident using the 
   system. 
  
 
10. I needed to learn a lot of 
   things before I could get going 





APPENDIX D: SURVEY RESULTS 
Notes: 
 The response “Prefer not to answer” is not included in this table despite being an 
available choice in the actual survey for some questions, as zero participants 
selected it for any of the questions. 
 This table breaks the survey responses down by healthcare personnel type. In the 
report, “Physician” and “Advanced Practice Provider” are combined into the 
“primary user group”, as they all hold their own clinics. (Medical assistants 
comprise the “secondary user group” in the report.) 
 
 Number of Respondents 






18 - 24 0 0 2 2 
25 - 34 2 1 1 4 
35 - 44 3 0 0 3 
45 - 54 1 0 0 1 
55 and over 3 0 0 3 






Male 3 0 1 4 
Female 6 1 2 9 
Other 0 0 0 0 
Do you have any disabilities that affect 
how you interact with computers (e.g. 









No 9 1 3 13 
Yes 0 0 0 0 
What is the highest degree or level of 







Some college, no degree 0 0 0 0 
Associate's degree (e.g. AA, AS) 0 0 0 0 
Bachelor's degree (e.g. BA, BS) 0 0 2 2 
Master's degree (e.g. MA, MS, MEd) 0 0 1 1 
Professional degree (e.g. MD, DDS) 9 1 0 10 
Doctorate (e.g. PhD, EdD) 0 0 0 0 
What term best describes your role in 
the clinic’s health care team (i.e. 







Physician 9 0 0 9 
Nurse practitioner 0 0 0 0 
Physician assistant 0 0 0 0 
Nurse 0 0 0 0 
Medical assistant 0 0 3 3 
Other: 0 1 0 1 
 Clinical Pharmacist Practitioner 0 1 0 1 








Less than 1 year 2 0 2 4 
1 - 2 years 0 0 1 1 
3 - 4 years 1 0 0 1 
5 - 9 years 1 1 0 2 
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10 or more years 5 0 0 5 
How confident are you with using the 
electronic health record system (i.e. 








Not confident at all 0 0 0 0 
Slightly confident 0 0 0 0 
Somewhat confident 0 0 0 0 
Confident 2 1 2 5 
Very confident 7 0 1 8 
For what types of patients do you 








Every patient 5 0 0 5 
Certain types of patients (e.g. those with 
specific conditions or age range): 
2 1 3 6 
 Annual exam/prevention visits 2 0 0 2 
 Patients with chronic conditions 2 1 3 6 
Only patients who express interest in 
discussing physical activity 
0 0 0 0 
Other: 2 0 0 2 
 Annual exam/prevention visits 1 0 0 1 
 Patients with chronic conditions 1 0 0 1 
 Patients with phones/exercise 
apps 
1 0 0 1 
When assessing a patient’s physical 
activity, how far back are you 







Since the patient’s last appointment 4 1 3 8 
In the month previous to patient’s 2 0 0 2 
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appointment 
In the week previous to the patient’s 
appointment 
1 0 0 1 
Other: 2 0 0 2 
 Since last appointment if physical 
activity was a goal; otherwise, up 
to one year 
1 0 0 1 
 Past 6-12 months, with emphasis 
on past 1-2 months 
1 0 0 1 
What information would you hope to 
get out of this visualization? Some 
examples are provided. You may select 
all that apply, and add your own ideas 
or elaborate on any of your selections 







What kinds of exercise the patient 
is doing 
8 1 3 12 
How many calories burned 3 0 0 3 
Number of minutes of moderate-to-
vigorous physical activity 
8 1 2 11 
Number of steps 7 0 2 9 
Heart rate 5 1 2 8 
VO2 max (i.e. maximal 
aerobic capacity 
0 0 0 0 
Have ideas to add or elaborate on? Tell us 
here: 
2 0 0 2 
 Physical activity 
consistency/frequency 
2 0 0 2 
 Patient’s baseline physical 
activity 
1 0 0 1 
 Local community resources to 
encourage physical activity 
1 0 0 1 
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If you could only pick three (3) types of 
information to be displayed on this 








What kinds of exercise the patient 
is doing 
5 1 3 9 
How many calories burned 3 0 0 3 
Number of minutes of moderate-to-
vigorous physical activity 
8 1 2 11 
Number of steps 6 0 2 8 
Heart rate 3 1 2 6 
VO2 max (i.e. maximal 
aerobic capacity 
0 0 0 0 
Have ideas to add or elaborate on? Tell us 
here: 
1 0 0 1 
 Frequency 1 0 0 1 
What would you hope to be able to use 
this visualization for? Some examples 
are provided. You may select all that 
apply, and add your own ideas or 
elaborate on any of your selections in 







Helping to give the patient 
recommendations for physical activity 
8 1 2 11 
Determining the patient's baseline 
physical activity 
6 0 2 8 
Discovering trends 4 1 1 6 
Discovering outliers 0 1 1 2 
Zooming in on time periods of interest 3 0 1 4 
Viewing an overall summarization of the 
patient's physical activity 
6 0 3 9 
Have ideas to add or elaborate on? Tell us 
here: 
1 0 0 1 
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 Goal setting 1 0 0 1 
Imagine you open up this visualization 
to review your patient’s physical 
activity. 
What time period would you prefer to 








Yearly summary 0 0 0 0 
Monthly summary 7 1 1 9 
Weekly summary 0 0 2 2 
Daily summary 0 0 0 0 
Other: 2 0 0 2 
 Weekly for the last month 1 0 0 1 
 Weekly broken down by day 1 0 0 1 
Would you be interested in seeing how 








Yes 6 0 3 9 
No 3 1 0 4 
Can you imagine your colleagues at the 
clinic using this patient physical 
activity visualization in other ways? If 
so, what types of clinic employees do 
you think would be able to use it, and 







Care managers/Care assistants for 
patients with chronic conditions, to help 
make recommendations 
3 0 0 3 
Nutritionists/Dieticians, to help make 
recommendations, or as part of lifestyle 
modification/weight program 
3 0 0 3 
Providers (Physicians or Advanced 
practice providers), to help make 
1 0 1 2 
 85 
recommendations based on health 
conditions 
Diabetes educators, to help make 
recommendations 
1 0 0 1 
Physical therapists, to help make 
recommendations 
1 0 0 1 
Any additional comments about 








Visualization requirements: 2 0 0 2 
 Easy to access 1 0 0 1 
 Easy to view (e.g. colors) 1 0 0 1 
Visualization Concerns: 2 0 0 2 
 Information overload 1 0 0 1 
 Whether or not it adds value (i.e. 
in addition to asking the patient) 
1 0 0 1 
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APPENDIX E: ADDITIONAL VISUALIZATION COMPONENTS 
This appendix contains additional visualizations that were included in the prototype 
visualization, but not in the main report. Below are the graphs of the patient’s weekly 
minutes of moderate-to-vigorous physical activity (“active minutes”) and weekly step 
counts that are displayed for the 3-month timeframe (Figure 5 and Figure 6, 
respectively). These are displayed in the same locations on the interface as their 
respective graphs in the 1-month view. Compared to the 1-month view, the 3-month view 
allows the user to “zoom out” and get a bigger picture of the patient’s progress over time. 
The user would be able to hover over individual bars in these graphs to see a tooltip 
showing that week’s active minutes or step counts. A placeholder tooltip was used for the 
















Figure 6: The 3-month view’s graph of weekly step count. 
 
Similarly, the active minutes and the step count calendars for the 3-month view 
provide a zoomed-out, bigger-picture view of the patient’s progress over time. The 3-
month view’s calendars omit details for individual days on the overall calendar that might 
clutter up the calendar interface at this zoom level (specifically, the icons indicating 
exercise type in the active minutes calendar, and the step count in the upper-right corner 
of individual days of the step calendar in the 1-month view are absent). However, for 
both the active minutes and the steps calendars, the user can hover over a specific day to 
show a tooltip with more details about what the patient did that day. Each of the 
following pages shows the 3-month calendar for either the patient’s active minutes 
(Figure 7a) or their step count (Figure 8a), followed by the respective tooltip that shows 


















Figure 7a: The 3-month view’s calendar for active minutes. 
 
           
Figure 7b (at right): 
The tooltip that appears when the 
user hovers over January 13, 2018 
on the active minutes calendar for 
any of the timeframe views (e.g. 1-
month view or 3-month view). 
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Figure 8b: The tooltip that shows when the user hovers over January 13, 2018 on the step 
count calendar for any of the timeframe views (e.g. 1-month view or 3-month view). 
